Introduction {#Sec1}
============

Sarcoma is a rare malignancy developing in non-epithelial tissues such as the fat, muscle, and bone \[[@CR1]\]. In Japan, the annual incidences of bone and soft tissue sarcomas are 1 and 3 per 100,000 people per year, respectively \[[@CR2], [@CR3]\]. Although the incidence account to only 1--2% that of cancers such as colorectal, stomach, and lung, there are more than 50 histological types of sarcomas, and the malignancy varies \[[@CR4]\]. Furthermore, sarcoma has no age prevalence \[[@CR5]\]. In recent years, oncologists have focused on the generation of patients classified as adolescents and young adults (AYA), which is defined as a group of 15--39 years old individuals with a high concentration of important life events such as schooling, employment, romance, marriage, and childbirth. Sarcomas occurring in this age range represent a unique spectrum of malignancies and are considered to require special care due to their characteristics \[[@CR6]--[@CR8]\]. In addition, the number of cancer and sarcoma patients in the AYA generation has increased \[[@CR7], [@CR8]\]. According to previous reports, the 5-year survival rate of sarcoma is around 60--70% \[[@CR4]\]. The treatment strategy for and prognosis of sarcomas have improved over the past few decades \[[@CR9]\]. However, there have been no recent improvements in treatment, and the survival rate has plateaued \[[@CR9]\]. Additionally, prognosis in AYA sarcoma patients has not improved because AYA sarcoma cases are rare, and there are not enough clinical data \[[@CR10]\]. Recently, we described the clinical features and outcomes of AYA sarcomas in our hospital \[[@CR11]\]. In the current study, we analyzed the data of sarcomas in AYA patients treated surgically and identified the patients that had poor prognosis to determine optimal surgical treatment approaches.

Main text {#Sec2}
=========

Patients and methods {#Sec3}
--------------------

We reviewed 18 sarcoma cases (10 in the soft tissue and 8 in the bone) treated surgically in our institute between March 2009 and May 2018. Records of eight male patients and ten female patients aged 15--39 years (mean, 33 years) were reviewed retrospectively. Tumor site, histology, grade, stage, European Society for Medical Oncology Guidelines Performance Status (ECOG-PS), American Society of Anesthesiologists-Physical Status (ASA-PS) before surgery, surgical treatment methods, operation time, intraoperative blood loss, complications, surgical margin, local recurrence, metastasis, and outcomes were investigated. Using previously described methods, surgical margins were classified as R0, R1, or R2 \[[@CR12]\]. R1 and R2 margins were those in which the residual tumor was detectable microscopically and macroscopically, respectively. We also surveyed features of poor outcomes of the dead of disease (DOD) cases.

Statistical analysis {#Sec4}
--------------------

The Statmate 5.01 software package was used to assess the 3-year survival rates. The patients' 3-year survival rates were calculated using the Kaplan--Meier method and differences were assessed using the log-rank test. P \< 0.05 was considered to indicate a statistically significant difference.

This study was approved by the Ethics Committee of Kindai University Hospital (approval no.: 31-153) (Osaka, Japan). All patients also provided written informed consent for participation in this retrospective study.

Results {#Sec5}
-------

### Patient characteristics {#Sec6}

The present retrospective study comprised 18 patients (8 men and 10 women) with sarcoma who underwent surgery in our department (Table [1](#Tab1){ref-type="table"}). Among patients with bone tumors, the tumor site was the femur in three patients, tibia in three, fibula in one, and humerus in one. In terms of histology, six had osteosarcoma and two had chondrosarcoma. Six patients had histological high-grade tumors and two had low-grade tumors. One, three, two, and one patient had stage IB, IIA, IIB, and IVB disease, respectively. Five patients had an ECOG-PS score of 0, two had an ECOG-PS score of 1, and one had an ECOG-PS score of 2. Seven patients had an ASA-PS score of 1, and one had an ASA-PS score of 2.Table 1Clinical features of patients with bone and soft tissue sarcoma in AYAPatient no.AgeBone or soft tissueSiteHistologyGradeECOG-PSASA-PSChemotherapyTreatmentOp. time (min)Blood loss (mL)MarginLocal recurrenceMetastasisFollow-up periodFinal outcome117BoneTibiaOsteosarcoma (conventional)High11NECO-95JCT, WR160500R1++43DOD236BoneTibiaOsteosarcoma (conventional)High01NECO-95JCurettage10810--+--55NED339BoneFemurChondrosarcoma grade ILow01--Curettage240860------66CDF433BoneFemurChondrosarcoma grade IILow01--Curettage120160------75CDF515BoneFemurOsteosarcoma (osteoblastic)High21NECO-95JCT, WR215521R0----88CDF636BoneTibiaOsteosarcoma (chondroblastic)High01NECO-95JCT, WR245250R0----43CDF727BoneFibulaOsteosarcoma (conventional)High01NECO-95JCT, WR500392R0----162CDF829BoneHumerusOsteosarcoma (conventional)High12NECO-95JCT, WR295571R0--+12DOD935Soft tissueThighLeiomyosarcomaHigh13--WR245418R0--+45DOD1032Soft tissueButtockEwingHigh12VAdCA-IECT, WR140615R0--+13DOD1135Soft tissueThighSynovial sarcomaHigh01IA × 3 (post surgery)CT, WR364282R1+--20NED1227Soft tissueAbdomenSynovial sarcomaHigh01IA × 3 (post surgery)CT, WR10210R0----40CDF1336Soft tissueUpper extremityLiposarcomaHigh11--WR9510R0--+54DOD1426Soft tissueThighMyxoid liposarcomaLow01--WR140935R0----144CDF1534Soft tissueThighMyxoid liposarcomaHigh01IA 3 (pre-surgery)/2 (Post surgery)CT, WR145138R1+--111NED1633Soft tissueThighSynovial sarcomaHigh01IA 3 (pre-surgery)/2 (post surgery)CT, WR237235R0----36CDF1737Soft tissueButtockMyxoid liposarcomaHigh01IA × 3 (post surgery)CT, WR103196R0----8CDF1832Soft tissueGroinMyxoid liposarcomaHigh01IA × 3 (post surgery)WR, RT19150R0----10CDF*y* years, *F* female, *M* male, *CT* chemotherapy, *WR* wide resection, *NECO* Neoadjuvant Chemotherapy for Osteosarcoma, *IA* ifosfamide and doxorubicin, *Mo* month(s), *DOD* dead of disease, *CDF* continuously disease-free, *ECOG-PS* European Society for Medical Oncology Guidelines Performance Status, *ASA-PS* American Society of Anesthesiologists-Physical Status, *Op. time* operation time, *VAdCA-IE* vincristin, actinomycinD, doxorubicin, cyclophosphamide, ifosfamide, etoposide, *NED* no evidence of disease

Among patients with soft tissue tumors, the tumor site was the thigh in five patients, buttock in two, upper extremity in one, abdomen in one, and groin in one.

In terms of histology, five had liposarcoma, three had synovial sarcoma, one had Ewing sarcoma, and one had leiomyosarcoma. Nine patients had histological high-grade tumors, and one had a low-grade tumor. One, two, three, two, and two patients had stage I, II, IIIA, IIIB, and IVB disease, respectively. Seven patients had an ECOG-PS score of 0, and three patients had an ECOG-PS score of 1. Eight patients had an ASA-PS score of 1, one had an ASA-PS score of 2, and one had an APA-PS score of 3.

### Treatment {#Sec7}

Five patients with bone tumors received wide resection with neoadjuvant chemotherapy (NECO-95J) \[[@CR13]\], and three received curettage resection. Of the patients who received wide resection, four achieved R0 resection and one achieved R1 resection. Six patients with soft tissue tumors received wide resection with neoadjuvant chemotherapy (five patients: 5 g/m^2^ ifosfamide and 75 mg/m^2^ doxorubicin \[[@CR14]\], and one patient: 1.5 mg/m^2^ vincristine, 37.5 mg/m^2^ doxorubicin, 1200 mg/m^2^ cyclophosphamide, 1.8 g/m^2^ ifosfamide, and 100 mg/m^2^ etoposide for Ewing sarcoma \[[@CR15]\]). Four patients received wide resection without any preoperative therapy, although one received postoperative radiation therapy (60 Gy: 2 Gy/day, 5 days/week). Eight of the patients with soft tissue tumors achieved R0 resection and two achieved R1 resection.

The mean operation time for all patients was 175.5 min (range, 95--500 min). The mean operation time for patients with bone tumors was 142.5 min (range, 95--364 min), and the mean operation time for patients with soft tissue tumors was 227.5 min (range, 108--500 min). The mean intraoperative blood loss in all patients was 266 mL (range, 10--935 mL). The mean intraoperative blood loss in patients with bone tumors was 446 mL (range, 10--860 mL), and the mean intraoperative blood loss in patients with soft tissue tumors was 215.5 mL (range: 10--935 mL). There were no postoperative complications in all current cases.

### Outcomes {#Sec8}

We followed up patients for 8--162 (mean: 44) months. Two patients with bone tumors and two with soft tissue tumors developed local recurrence. Two patients with bone tumors and three with soft tissue tumors developed distant metastasis. Among patients with bone tumors, five were continuously disease-free (CDF), one had no evidence of disease (NED), and two were DOD. Among patients with soft tissue tumors, five were CDF, two had NED, and three were DOD. The 3-year survival rate of all of the patients was 61.3% (Fig. [1](#Fig1){ref-type="fig"}a). The 3-year survival rate of younger patients (\< 33 years) was 56% and that of older patients (\> 33 years) was 60%. There was no significant difference in the 3-year survival rate based on age (P = 0.46, Fig. [1](#Fig1){ref-type="fig"}b). The 3-year survival rate among patients with high-grade sarcoma was 42.8% and that among patients with low-grade sarcoma was 100%. There was no significant difference in the 3-year survival rate based on sarcoma grade (P = 0.08, Fig. [1](#Fig1){ref-type="fig"}c).Fig. 1**a** Survival rates of the 18 patients with malignant bone or soft tissue tumors. The Kaplan--Meier method was used to generate survival curves. The 3-year survival rate was 61.36%. **b** Prognosis according to age. The Kaplan--Meier method was used to generate survival curves. The blue line represents the survival of younger patients (\< 33 years). The red line represents the survival of older patients (≥ 33 years). The 3-year survival rates of the two groups were 60% and 56%, respectively. There was no significant difference in the 3-year survival rate based on age (P = 0.46). **c** Prognosis according to histological grade. The Kaplan--Meier method was used to generate survival curves. The blue line represents the survival of patients with low-grade sarcomas. The red line represents the survival of patients with high-grade sarcomas. The 3-year survival rates of the two groups were 100% and 42.8%, respectively. There was no significant difference in the 3-year survival rate based on tumor grade (P = 0.08)

We also surveyed the features of the DOD cases. Three of five (60%) patients in the DOD group had ≥ stage IV disease. All patients who had R1 margins developed recurrence. Moreover, all patients with an ASA-PS ≥ 2 died.

Discussion {#Sec9}
----------

It is vital to identify the optimal treatment of sarcomas in AYA patients. However, there is still little evidence, and protocols on how to treat sarcomas in AYA patients have not been clarified in detail. In the current study, we reviewed sarcoma patients treated surgically in our hospital and analyzed which types of patients had poor outcomes. Patients with late-stage sarcomas, lower tumor margin (R1), or a high ASA-PS score had a poor prognosis.

The 5-year survival rate in AYA sarcoma patients is approximately 70% \[[@CR10], [@CR16]\], although prognoses in AYA patients may vary depending on age \[[@CR16]\]. Our previous study showed that the 5-year survival rate of elderly sarcoma patients was 86% \[[@CR17]\]. In the current study, the 3-year survival rate was poorer (61.36%) than those previously reported \[[@CR17]\] and that of elderly patients in our hospital. There was also no significant difference in survival rates based on age among these AYA patients. These findings suggest that the AYA generation itself may be a poor prognostic factor.

In general, high-grade sarcoma has a poorer prognosis than that of low-grade sarcoma \[[@CR18]\]. Aggressive high-grade malignancies often arise in AYAs \[[@CR19]\]. Additionally, late-stage sarcomas have a poorer prognosis than that of early-stage sarcomas \[[@CR20]\]. Approximately 80% of AYA sarcoma patients are diagnosed at an early stage \[[@CR21]\]. In the current study, we found that AYA sarcoma patients with late-stage sarcomas had a poorer prognosis than that of patients with early-stage sarcomas. These findings suggest that early diagnosis is necessary to obtain a favorable outcome for AYA sarcoma patients.

A Canadian registry showed that the mean operation time for sarcoma was 4 h, and an operation time \> 5 h increased the likelihood of reoperation because of wound complications, such as infection \[[@CR22]\]. In elderly sarcoma patients, the mean operation time is 114.7 min and the mean blood loss is 160.7 mL \[[@CR11]\]. Additionally, a previous study showed that the infection rate after surgical treatment for sarcomas was 23.3% \[[@CR23]\]. In the current study, there was no reoperation and no patients developed infection; however, the operation time and intraoperative blood loss were longer and larger, respectively, than those previously reported for elderly sarcoma patients \[[@CR17]\].

Achieving a wide margin is important to obtain favorable outcomes \[[@CR17], [@CR24], [@CR25]\]. In the current study, all patients with inadequate margins after surgical treatment experienced recurrence. These findings suggest that achieving an R0 ≥ surgical margin is important in the surgical management of AYA sarcoma patients to obtain a favorable prognosis.

The ASA-PS is a general condition classification by the American Society of Anesthesiologists \[[@CR26]\]. Recently, Iwai et al. reported that the prognosis of elderly sarcoma patients is correlated with ASA-PS before surgery \[[@CR27]\]. In the current study, all patients with an ASA-PS ≥ 2 died. These findings suggest that the ASA-PS may also influence the prognosis or outcome of AYA sarcoma patients undergoing surgical treatment.

Limitations {#Sec10}
===========

Our study had some limitations. First, the number of patients was small. However, the method of statistical analysis is valid. Second, the included tumors were considerably diverse. Furthermore, we were unable to compare the outcomes of these patients to those of younger patients with sarcoma. A future comparative study has been planned to address this point.

In summary, we assessed the clinical features and outcomes of AYA sarcoma patients treated surgically in our hospital. Early detection and appropriate surgical margins are of utmost importance for obtaining a good prognosis in the management of AYA sarcoma patients.

AYA

:   Adolescent and young adult

ECOG

:   European Society for Medical Oncology Guidelines

ASA-PS

:   Anesthesiologists-physical status

**Publisher\'s Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

The authors would like to thank Editage (<http://www.editage.jp>) for English language editing.

KH, SN, NO, and MA performed the study, and collated, analyzed and interpreted the data. KH, SN, and MA wrote the manuscript. All authors read and approved the final manuscript.

No funding was received.

All data generated or analyzed during this study are included in this published article.

This study was approved by the Ethics Committee of Kindai University Hospital (approval no.: 31-153) (Osaka, Japan). All patients provided written informed consent for participation in this retrospective study.

Not applicable.

The authors declare that they have no competing interests.
